Background. Integrated positron emission tomography/computed tomography (PET-CT) is a well-validated modality for assessing pulmonary mass lesions and specifically for estimating risk of malignancy. Tuberculosis (TB) is known to cause false-positive PET-CT findings. Objective. To investigate the utility of PET-CT in the evaluation of pulmonary mass lesions and nodules in a high TB prevalence setting. Methods. All patients referred for the evaluation of a solitary pulmonary nodule or mass and who underwent PET-CT scanning over a 3-year period were included. The PET-CT findings, including maximum standardised uptake value (SUV max ), were compared with the gold standard (tissue or microbiological diagnosis). The sensitivity, specificity, positive and negative predictive values and diagnostic accuracy for malignant disease were calculated according to the SUV max cut-off of 2.5 and a proposed cut-off obtained from a receiver operating characteristic (ROC) curve. Results. Forty-nine patients (mean (standard deviation) age 60.1 (10.2) years; 29 males) were included, of whom 30 had malignancy. Using an SUV max cut-off of 2.5, PET-CT had a sensitivity, specificity, positive and negative predictive value and diagnostic accuracy for malignancy of 93.3%, 36.8%, 70.0%, 77.8% and 71.4%, respectively. After a ROC curve analysis, a suggested SUV max cut-off of 5.0 improved the specificity to 78.9% and the diagnostic accuracy to 86.7%, with a small reduction in sensitivity to 90.0%. Conclusions. The diagnostic accuracy of PET-CT in the evaluation of pulmonary mass lesions using the conventional SUV max cut-off of 2.5 was reduced in a TB-endemic area. An SUV max cut-off of 5.0 has a higher specificity and diagnostic accuracy for malignancy, with a comparable sensitivity.
December 2015, Vol. 105, No. 12 A solitary pulmonary nodule (SPN) or mass may either represent lung cancer or a benign disease such as pulmonary tuberculosis (TB). Most such lesions are incidental findings on a chest radiograph, and malignancy is generally actively excluded as it may represent curable disease. [1] As patients with metastatic disease usually do not qualify for resection, the correct assessment and provisional staging of lung cancer patients is crucial in guiding their further management. Integrated positron emission tomography/computed tomography (PET-CT) is an integral part of this diagnostic process, and has been shown to reduce the number of futile thoracotomies. [2] The majority of studies on PET-CT have been conducted in areas with a low or moderate prevalence of TB, a disease which is well known to cause false-positive results. [3, 4] Developing regions, particularly TB-endemic areas, therefore face a potential challenge of interpreting PET-CT images as false positive. [5, 6] The aim of this study was to assess the sensitivity, specificity, and diagnostic accuracy of integrated PET-CT in the evaluation of SPNs and masses in an area with a very high TB incidence. A secondary aim was to investigate which maximum standardised uptake value (SUV max ) cut-off would potentially be the most suitable in distinguishing between benign and malignant disease in a TB-endemic area. The overall objective of the study was to improve the management of pulmonary masses by preventing unnecessary thoracotomies for benign lesions.
Methods

Study population
All patients referred to the Division of Pulmonology at Tygerberg Academic Hospital, Cape Town, South Africa, from 2009 to 2012 for evaluation of apparent SPNs or masses (1 -6 cm in diameter) seen on routine chest radiographs and who subsequently underwent an integrated PET-CT were included. Patients who were found to have mediastinal lymph node involvement (not seen on routine chest radiography) on subsequent imaging (CT or PET-CT) were not excluded. Tygerberg Academic Hospital, a 1 380-bed academic hospital, is one of two academic referral centres in the city and renders a tertiary service to a population of approximately 1.5 million. According to the 2014 World Health Organization report, this population has one of the highest incidence rates for TB, approximately 1 000 cases for every 100 000 people each year, and the third highest burden of disease globally after India and China. [7] The study was approved by the Stellenbosch University Health Research Ethics Committee, and informed consent was obtained from all subjects prior to enrolment and prior to all invasive procedures.
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Imaging techniques
All studies were performed from the base of the skull to the upper thigh with a Siemens Biograph or Philips Gemini PET-CT with 16-slice uncontrasted CT. The procedure was performed according to European Association of Nuclear Medicine guidelines. [8] Patients fasted, except for water intake, for at least 6 hours prior to the study. Blood glucose levels were tested prior to the scan, which was postponed if the patient had a level of >11.1 mmol/L. Patients lay supine for 30 minutes prior to the study, and for a further 60 minutes without talking after injection of 18 F-fluorodeoxyglucose (FDG). An FDG dose of 7 -13 mCi was administered according to body weight. All images were interpreted by an experienced nuclear medicine physician, at least one radiologist, and independently by a respiratory physician. Positivity was defined clinically as any FDG uptake greater than the mediastinal blood pool. The intensity of the FDG uptake in an area of interest was quantified using a Philips EBW workstation. A cursor was manually placed at the site of highest visual uptake within the lymph node and the SUV max was obtained from this slice using a circular region of interest with an 8 mm diameter.
Tissue sampling
The final diagnosis was established by histo logical or cytological analysis of tissue samples acquired from the pulmonary mass lesion or mediastinal lymph nodes, depending on the results of the PET-CT. Patients with a positive result for the pulmonary mass lesion on integrated PET-CT and negative results for mediastinal lymph node (N 0 ) and distant metastases (M 0 ) then underwent tissue sampling procedures of the pulmonary mass lesion. This was performed using CT-guided fineneedle aspiration, transthoracic ultrasoundguided needle aspiration or excision biopsy/ lobar resection as indicated. Patients with a negative integrated PET-CT result for distant metastases and a positive result for mediastinal lymph node involvement (positive N-staging) underwent either endo scopic sampling of the mediastinal lymph nodes or tissue acquisition by mediastinoscopy, depending on their accessibility.
Because of the high negative predictive value of integrated PET-CT, negative N-staging and M-staging on PET-CT was considered to be a true negative. This was then confirmed with clinical and radiological follow-up. Each patient included in the study was also tested for Mycobacterium tuberculosis infection. This was done by Ziehl-Nielsen staining and culture of sputum and/or bronchial washings, and/or histological proof of granulomatous tissue with necrosis, and/or culture of fine-needle aspirates.
Benign disease was defined as TB proven by the methods outlined above, histological confirmation of benign disease on lung resection, or clinical and radiological followup for a period of at least 2 years showing no growth, disappearance or clear evidence of reduction in size of the pulmonary mass lesion.
Statistical analysis
The results of histological or cytological analysis, or proof of benign disease on radiological follow-up, were considered the gold standard and were correlated with the findings of the integrated PET-CT in order to obtain sensitivity, specificity, positive pre dictive value, negative predictive value and diagnostic accuracy of integrated PET-CT. These were calculated by standard techniques, initially with an SUV max cutoff of 2.5. Thereafter a receiver operating characteristic (ROC) curve was obtained from the data set to determine an SUV max cut-off that would provide the optimal sensitivity and specificity for our data set.
Results
Study population and diagnoses
Fifty patients fulfilled the inclusion criteria, but one was excluded owing to technical problems with acquisition of the PET study, leaving a study population of 49 patients (mean (standard deviation (SD)) age 60.1 (10.2) years; 29 males). The final diagnoses are summarised in Table 1 . Lung cancer was confirmed in 30 patients, and two patients were found to have carcinoid tumours. Of the patients with malignant lesions, 21/32 (65.6%) were ultimately found to have resectable disease.
Chest radiograph and CT findings
The average diameters of the lesions measured were 29 mm in the vertical axis and 30 mm in the horizontal axis on standard anteroposterior (AP) chest radiograph, and these were very similar to the CT measurements (Figs 1 and 2) . Lesions ultimately proven to be malignant were most frequently observed in the right (n=12) and left upper lobes (n=8). (Fig. 3) . A ROC curve with a statistically significant area under the curve was obtained (0.854 (95% confidence interval 0.741 -0.968), p<0.01). From this curve we could obtain an SUV max that provided optimal sensitivity and specificity to our test. With a cut-off of 5.0 the sensitivity, specificity, positive predictive value, negative predictive value and diagnostic accuracy of integrated PET-CT for malignancy were 90.0%, 78.9%, 87.1%, 83.3% and 86.7%, respectively (Table 2 ). These analyses confirmed that an SUV max cut-off of 5.0 improved the specificity of integrated PET-CT for cancer in our setting from 36.8% to 78.9% and the diagnostic accuracy from 71.4% to 86.7%, with only a small reduction in sensitivity from 93.3% to 90.0%.
Discussion
We found PET-CT to have poor diagnostic accuracy in an area with a very high incidence of TB. Moreover, an SUV max threshold of 2.5 had a specificity of only 37%. However, a higher SUV max cut-off of 5.0 increased the specificity to 79% and diagnostic accuracy from 71% to 87%, with only a marginal reduction in sensitivity from 93% to 90%.
International PET-CT data for the evaluation of SPNs show higher accuracy for cancer in settings where the TB prevalence is substantially lower. [4, 9] A recent metaanalysis by Deppen et al. [4] on the ability of PET-CT to diagnose lung cancer accurately in areas with a moderate burden of infectious lung diseases found significant hetero geneity for sensitivity and specificity across studies. The authors reported a pooled sensitivity of 99% and specificity of 75%. Alarmingly, there was a 16% lower average adjusted specificity (61% v. 77%) in regions with endemic infectious lung disease compared with non-endemic regions.
Gould et al. [9] previously showed that PET is an accurate, non-invasive method for diagnosing an SPN in a developed world setting, with an overall sensitivity of 96.8% and a specificity of 77.8%. A retrospective study of 42 patients with SPNs in California found both an SUV max cut-off of 2.0 and the visual interpretation yielded similar accuracy, with a sensitivity and specificity of 97% and 85%, respectively. [10] In Brazil, with a TB incidence rate of 66/100 000 population, the sensitivity and specificity of PET-CT (using an SUV max cutoff of 2.5) were found to be 92.9% and 72.2%, respectively. [11] Limited data exist for the evaluation of PET-CT in other TB-endemic areas. In a Chinese population this modality was found to have a sensitivity and specificity of 88.3% and 61.1%, respectively. [12] An SUV max cut-off of 3.96 (determined by a ROC curve analysis) improved the sensitivity to 73.3% and the specificity to 75.0% in this population. [12] Only three studies have evaluated nuclear scanning to assess pulmonary mass lesions in SA. [6, 13, 14] Schuurmans et al. [13] found a sensitivity of 92.3% and a specificity of 91.7% for the use of technetium 99m-methoxy isobutyl isonitrile as a marker for tumour uptake. Sathekge et al. [6] performed a prospective study of 30 patients to assess the accuracy of dual time point PET-CT in the assessment of SPNs in Pretoria, SA. Their analysis showed similar findings to our study with a sensitivity of 85.7% and a specificity of 25% when using an SUV max cut-off of 2.5. When TB (n=12) was excluded from their analysis, the sensitivity improved to 85.7% and the specificity to 100%. The present study confirms the findings of Sathekge et al. [6] regarding poor specificity in an area with high TB prevalence. Moreover, our data suggest that an SUV max of 5.0 may be a more appropriate cut-off value in an area with a high TB incidence, and additionally that values of 2.5 -5.0 should be interpreted as indeterminate. In a recent study, Vorster et al. [14] demonstrated that 68Ga-citrate PET/ CT has potential for the detection of both malignancy and TB, but it seemed incapable of providing a clear distinction between malignant and benign lung lesions in a setting with a high prevalence of granulomatous diseases such as TB.
Importantly, it should be emphasised that the interpretation of PET-CT does not rely solely on SUV values. Swensen et al., [15] for example, developed a pretest probability model using age, smoking history, history of extrathoracic cancer more than 5 years before nodule detection, nodule diameter, upper lobe location and spiculated margin. They achieved an area under the ROC curve of 0.80. Li et al. [16] developed a mathematical model for predicting malignancy using age, diameter, border calcification, spiculation, and family history of tumour. Their model generated a sensitivity of 94.5% and a specificity of 70.0%. Tian et al. [17] included FDG uptake as a variable in developing a prediction model by logistic regression analysis. They used gender, smoking history, age, diameter, spiculation and FDG uptake to estimate the probability of malignancy of SPNs. Using a cut-off value determined by ROC curve analysis, they achieved a sensitivity of 90.2% and a specificity of 87.6%. PET-CT is therefore not a stand-alone investigation, but can contribute to the determination of malignant probability. Such a model could potentially be developed in a TB-endemic area.
A potential weakness of this study is the inclusion of a small proportion of patients initially assessed to have solitary pulmonary mass lesions or nodules on chest radiograph, who were later found to have more extensive disease on CT or PET-CT. Moreover, a limitation of increasing the SUV max to 5.0 is that a number of lung malignancies with low metabolic activity (such as adenocarcinoma in situ) may be falsely reported as negative, whereas some tuberculous lesions (which may demonstrate higher SUV max values) may be interpreted as positive.
In conclusion, the reduced specificity for malignancy of PET-CT in TB-endemic areas can be significantly improved by using an optimised threshold for SUV max . PET-CT is a valuable adjunct in the assessment of patients with a pulmonary mass lesion on presentation, provided other clinical and radiological evidence is integrated in the assessment. Further research on integrating various SUVs with clinical and radiological prediction scores in settings with a high prevalence of TB is needed.
